The gross, microscopic, and ultrastructural features of lipomatous lesions in the liver of B6C3F1 mice are described. The cases were selected from a database of 45,406 male and 45,674 female mice used as treated, control, or vehicle-control animals in the National Cancer Institute's Bioassays or the National Toxicology Program's 2-year carcinogenicity studies. Thirteen hepatic lesions identified from cases within the database were re-evaluated microscopically and selected for further study. These lesions were present in ten males and three females that were between 85 and 113 weeks of age at the time of death. Grossly, the liver lesions were described as white to yellow or red to brown nodules/masses or foci that ranged from 2.0 to 25 mm in diameter. The lesions commonly involved the median and left lateral hepatic lobes. Microscopically, many of the lesions closely resembled lipomas described in the liver of human beings, and they consisted of nonencapsulated mature adipose-like tissue with irregular margins. The majority of the cells that comprised the lipomatous lesions were signet-ring shaped. These cells were positive for lipid as evidenced with oil red-0. The lipid droplets were also present within the hepatocytes that comprised the hepatic plates trapped within or surrounding many of the lipomatous lesions. At the margins of many of the lesions there were spindle-shaped cells that contained small intracytoplasmic lipid vacuoles. These cells were often within a stromal matrix that had focal areas of collagen and mucopolysaccharides, as evidenced by weak staining with Masson's tnchrome and periodic acid-Schiff s stains, respectively. There was also disruption of the reticulum fibers in many of the lesions, as noted with a Gomori's reticulum stain. Ultrastructurally, cytoplasmic organelles, such as rough endoplasmic reticulum, free ribosomes and small lipid vacuoles, were present in the spindle-shaped cells, whereas signet-ring-shaped cells had few discernible organelles due to peripheral compression of the cytoplasm by single large vacuoles occupying the cytoplasmic space. The spindle-shaped cells were free of lysosomes. Thin collagen fibers were seen in contact with some of the spindle-shaped cells and were located between these cells and adjacent hepatocytes, or endothelial cells lining sinusoidal capillaries. A distinct basal lamina was not associated with spindle-or signet-ring-shaped cells. Similar lipomatous lesions were not found in other visceral organs. The exact cellular origin of the hepatic lesions described here is not known.
Benign and malignant mesenchymal tumors of the liver are exceptionally rare in human beings and other species, 12.14.20.21 and the majority of the tumors that occur in the livers of human beings are of endothelial origin.14 Benign lipomatous tumors of the liver, such as hibernoma, lipoma, and variants thereof (e.g., angiolipoma, myelolipoma) are uncommon and usually incidental findings in human beings.8 Hepatic lipomatous tumors also occur rarely in lower animal species; however, hepatic myelolipomas have been reported in a domestic short-haired cat,I2 captive wild cheetahs, and a Siberian tiger.20 A lipoma of the liver has been reported in a bowhead whale. 21 There are few reports of primary liposarcoma of the liver in human beings or other animal species. 18, 30 Kupffer cell sarcomas have been chemically induced in rats treated with carcinogens such as trypan blue,' I dimethylnitrosamine, and N-2-acetylaminofl~orene.~ Primary hepatic angiosarcomas have been reported in the liver of rats exposed to vinyl chloride. 28 In mammalian and nonmammalian species there exist stellate, fat-storing mesenchymal (Ito) cells, located within the perisinusoidal (Disse) spaces of the liver. These cells have been commonly referred to as "fat-storing cells," "interstitial cells," "sternzellen," "It0 cells," "perisinusoidal stellate cells," and "lipo- perisinusoidal stellate cell is most widely noted for its role in the storage and possible metabolism of vitamin A in the mammalian l i~e r ;~. " .~' however, these perisinusoidal stellate cells are also thought to play a major role in the production of connective tissue and basement membrane components such as collagen and laminin, respectively, during liver f i b r~s i s . " .~~ In rats, these cells have been found to stain immunohistochemically for the intermediate filaments de~min".'~.~ I and a~t i n .~~ Ito cells of rat liver grown in culture have been reported to express the acute-phase protein, a-2macroglobulin. I To our knowledge, there are no published reports of perisinusoidal stellate cell tumors in any species of animal, including human beings; however, prolifera-tion of these cells has been observed in human patients receiving corticosteroids or chlorpromazine treat-menq5 in mice given carbon tetra~hloride,~ and in dogs with nodular hyperplasia of the liver.' Perisinusoidal stellate cell hypertrophy and/or hyperplasia have been reported in rats,19 fish,31 and human beings" following large doses of vitamin A.
Here, we describe the gross, microscopic, and ultrastructural features of lipomatous lesions in the liver of B6C3F1 mice.
Materials and Methods
The thirteen primary liver lesions reported in this paper were selected from cases in a database of 45,674 female and 45,406 male B6C3F1 (C57BL/6N x C3H/HeN) mice used in carcinogenicity studies conducted by the National Cancer Institute (NCI) or the National Toxicology Program (NTP). Of the thirteen cases selected and studied, ten of the mice were males and three were females ( Table 1 ). The animals ranged from 85 to 113 weeks of age at time of death.
Hematoxylin and eosin (HE)-stained sections of the 13 primary liver lesions were reexamined. Additional sections of five lesions (case Nos. 2,4, 5 , 9, and 1 1) were stained with Masson's trichrome (MT), Gomori's reticulum stain (GRS), and periodic acid-Schiff s (PAS). Frozen sections (1 5 pm thick) of one lesion (case No. 7) were stained with oil red-0. For electron microscopic evaluations, 1-mm cubes of the formalin-fixed tissues (case Nos. 7 and 8) were placed in a modified Fowler's fixativelo prior to post-fixing in 1% osmium in phosphate buffer, pH 7.4, and routinely processed and embedded in Epon. Thick sections of tissue were cut at 1 pm and staked with toluidine blue. Ultrathin sections of the liver lesions were stained with lead citrate and uranyl acetate and then evaluated by transmission electron micros-COPY.
Results
At necropsy, macroscopic lesions consisted of random white to yellow or red to brown nodules/masses or foci observed in single or multiple lobes of the liver. There was usually involvement of the median and left lateral hepatic lobes (Table 1) . The lesions ranged from 2.0 to 25 mm in diameter. The cut surface of some of the larger nodules had multiple fluid-filled cysts.
Histologically, the lipomatous lesions were multicentric, random, well demarcated, but nonencapsulated ( Fig. 1 ). Smaller lesions were localized to one to three hepatic lobules, whereas larger lesions involved single or multiple hepatic lobes. Compression of the adjacent hepatocytes was not a common feature of the small or large lesions; however, some of the larger lesions caused disruption of the normal hepatic lobular architecture. There was no evidence of invasion of the hepatic capsule, peritoneal cavity, or vasculature by cells in the larger proliferative lesions. The larger lesions were covered by an intact Glisson's capsule with or without one or two thin layers of atrophied hepatocytes separating the lesion from the capsule.
The lesions closely resembled mature adipose tissue and were comprised of mostly signet-ring-shaped cells. These cells were arranged individually or clustered in groups among the hepatic parenchymal cells (Fig. 2) . The cytoplasm of the signet-ring-shaped cells usually contained a single large cytoplasmic vacuole that had 
peripheral areas which stained with oil red-0, whereas most hepatocytes had multiple small vacuoles that stained with oil red-0. The nuclei of the signet-ringshaped cells were single, appeared elongated, and were compressed along with remnants of cytoplasm at the periphery of the cell. Mitotic figures were rare. Few recognizable bile ductules were present within the lesions; however, occasional bile ductules were seen associated with the peripheral regions of a few lesions. Eleven out of 13 (85% ; Table 2 ) of the lipomatous hepatic lesions had peripheral regions that were infiltrated by small spindle-shaped cells associated with a stromal matrix (Fig. 3) . The spindle-shaped cells were often observed interspersed among disrupted hepatic plates and signet-ring-shaped cells. The spindle-shaped cells often contained small droplets that stained with oil red-0. Focal areas of stromal matrix stained weakly with PAS and pale blue with MT stains. Vacuolated, atrophied, degenerated, or necrotic hepatocytes or hepatic plates were frequently and randomly distributed throughout many of the lesions in which there was proliferation of signet-ring-shaped cells and spindle- Fig. 3 . Liver; lipomatous lesion in a B6C3Fl mouse. Fig. 3a . Note the spindle-shaped cells and associated stromal matrix (arrows). HE. Bar = 120 pm. Fig. 3b . Higher magnification of spindle-(arrows) and signet-ring-shaped cells shown in Fig. 3a . HE. Bar = 60 pm. shaped cells (Fig. 4) . There was also disruption of the reticulum fibers in many of the lesions as evidenced by GRS stain.
In 1 -pm Epon-embedded, toluidine-blue-stained sections, the signet-ring-shaped cell was the predominant cell type present. The signet-ring-shaped cells were found adjacent to other signet-ring-shaped cells, spindle-shaped cells, vacuolated hepatocytes, and capillaries. The majority of the signet-ring-shaped cells had a thin rim of compressed cytoplasm and peripherally located crescent-shaped nuclei (Fig. 5) . Occasionally, these cells were adjacent to individualized hepatocytes that had extremely vacuolated cytoplasm, or clusters of vacuolated hepatocytes that appeared to fuse (Fig. 6 ). Identifiable spindle-shaped cells had elongated centrally located nuclei and cytoplasmic extensions (Fig. 7) , and they were finely vacuolated. Pleomorphic cells with round to oval centrally located nuclei and finely vacuolated cytoplasm were observed adjacent to spindle-shaped cells.
Ultrastructurally, the signet-ring-shaped cells usually had single, large cytoplasmic vacuoles devoid of __ Fig. 5 . Liver; lipomatous lesion in a B6C3F1 mouse. Note the signet-ring-shaped cell with peripherally compressed cytoplasm and nucleus and large centrally located cytoplasmic vacuole (V) filled with debris. Note also the small cytoplasmic vacuoles coalescing with the large vacuole (arrow). Toluidine blue. Bar = 15 pm. contents, except for varying amounts of electron-dense debris (Fig. 8 ). These vacuoles most likely represent lipid droplets that occupied most of the cytoplasm in vivo and were removed during the processing of the tissues. Occasionally organelles could be identified within the narrow rims of cytoplasm surrounding the large vacuoles in signet-ring-shaped cells. These organelles consisted of few free ribosomes and small amounts of rough endoplasmic reticulum (RER), as well as vacuoles and small non-membrane-bound lipid droplets with various electron densities. Cytoplasmic organelles such as microbodies were not detected. The cytoplasmic membranes of signet-ring-shaped cells were devoid of microvilli and cell junctions. Mitochondria, RER, and bile canaliculi ( Fig. 9 ) could be identified in adjacent vacuolated hepatocytes; however, other organelles such as smooth endoplasmic reticulum, Golgi complexes, and filaments were not identifiable.
The cytoplasm of the spindle-shaped cells contained well-developed RER, vacuoles, and small mitochondria (Fig. 10 ). These cells were often observed in close 
Discussion
The histologic appearance of the lesions found in the livers of B6C3F1 mice closely resembled that of lipomas that have been described in the liver of human beings. 1523. 25 Although the pathogenesis and exact origin of hepatic lipomas in human beings are uncertain,'j these lipomatous neoplasms may be explained by the differentiation of progenitor mesenchymal cells into lipocytes. 26 Other hypotheses have proposed that lipocytes may differentiate from fibroblasts,' pericytes located around ~a p i l l a r i e s ,~~ or a perisinusoidal stem cell, which possibly gives rise to the fat-storing Ito Many of the lesions in our study contained plates of hepatocytes among the signet-ring-shaped and spindleshaped cells. This is in contrast to the hepatic lipoma observed in a 24-year-old man by Ramchand et a1. 26 In this case, there were no hepatic plates in the center of the tumor. Yamada et al. 39 reported the ultrastructural features of a lipoma in a human being. Although the primary site of the tumor or the sex and age of the individual from which the tumor was taken were not mentioned, these authors described tumor cells with a ce11.25 rows). Vacuoles (V) of signet-ring-shaped cells. Toluidine blue. Bar = 15 Km. basement membrane (basal lamina) along their margin similar to that seen in normal lipocytes. Neoplastic cells were of two types: 1) a signet-ring-shaped cell that contained a large lipid droplet with a narrow rim of cytoplasm with no recognizable organelles and 2) a less well-developed cell that had few organelles. The signetring-shaped cells described in our report usually had a large intracytoplasmic vacuole that contained electron-dense debris and occasionally a narrow rim of cytoplasm that had few identifiable organelles. The spindle-shaped cells had well-developed RER, small lipid droplets and vacuoles, and there were no recognizable membrane-bound lysosomes. Few or no basal lamina-like structures were associated with either cell type.
Another lipomatous lesion observed in the liver is the pseudolipoma. These are nonneoplastic growths usually found on the surface of the liver, where they are partially embedded in a concave structure lined by a focally thickened Glisson's The lipoma- tous lesions described here consisted of nonencapsulated masses of mature adipose-like tissue that had discrete, yet irregular borders and associated spindleshaped cells. Also, these lesions were usually situated deep in the liver parenchyma and did not involve Glisson's capsule.
Many of the signet-ring-shaped cells, and especially the spindle-shaped cells, were associated with hepatic plates. Both cell types infiltrated along the sinusoids and appeared to be located in the perisinusoidal spaces. Cells that may be found in this region include Kupffer's cells, endothelial cells, pit cells, and perisinusoidal stellate (Ito) cells. All of the above cell types have ultrastructural characteristics that can easily distinguish them from one another. Kupffer's cells are embedded in the endothelial lining, usually in the lumen of the sinusoid, but they may lie in part in the space of Disse.ls These cells have high phagocytic activity and contain numerous lysosomes rich in acid ph~sphatase.~' The cell surface has numerous lamellopodia and microvilli. The hepatic sinusoidal endothelial cell has fenestrated processes that when grouped together form a sieve platelike s t r u c t~r e .~~J~ Numerous bristle-coated micropi-nocytotic vesicles and macropinocytotic vesicles are prominent within the cytoplasm of the sinusoidal endothelial cell. In rats, pit cells are considered endocrine cells primarily associated with the sinusoidal wall and contain typical neuroendocrine-type secretory cytoplasmic g r a n~l e s .~~J~ Fat-storing perisinusoidal (Ito) cells are stellate cells located within the space of Disse and are characterized ultrastructurally by the presence of cytoplasmic lipid d r~p l e t s .~~.~~ The cells in the hepatic lesions described in this paper did not possess the histologic or ultrastructural characteristics of any of the sinusoidal lining cells described above.
The cell of origin of the hepatic lesions described in this paper is unknown. The hepatocyte could be the cell of origin, as was suggested by the presence and fusion of large lipid vacuoles within and between hepatocytes evaluated light microscopically and ultrastructurally. However, the signet-ring-shaped cell, which is the major cell type in the lipomatous lesions, did not possess ultrastructural characteristics of hepatocytes, such as bile canaliculi, microbodies, microvilli, or cell junctions. A mesenchymal origin for these lesions cannot be ruled out because fixation of tissues was not optimal for the preservation of the basal lamina, which is an identifying feature of adipose cells. D u e to the lipid nature of the vacuolar contents in the signet-ring-shaped cells, the "fat-storing'' Ito cell is another possible cell type to consider as the cell of origin. However, the cells in the lesions described in our study were not commonly associated with the space o f Disse, the site where Ito cells are located. T h e relationship of the spindle-shaped cell t o the signet-ringshaped cell is unclear. Whether this cell type represents a progenitor cell for the signet-ring-shaped cell is also unclear.
Based on the histomorphologic and ultrastructural characteristics, and the location of the cells present in the lesions described in this paper, the cell of origin could not be conclusively determined. Regardless of the origin of the hepatic lesions, they appear to be proliferative, but they do not have metastatic potential, and histologically they are not malignant. To elucidate whether these lipomatous lesions represent hyperplasia, a benign neoplasm of hepatocellular, perisinusoidal (It0 cell), or lipocyte origin, aberrations of metabolism, catabolism, or lipid transport in hepatocytes, or possibly a choristoma, future studies are needed.
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